We explored the impact of having a hospital admission for an acute coronary syndrome (ACS) on the subsequent prognosis among patients with chronic heart failure (CHF).
Introduction
Heart failure is a major cause of death and hospitalizations in the ageing population of developed countries and is present in 1-2% of the adult population and in 6 -10% of the elderly.
1,2 Heart failure is the most common cause for hospital admission among elderly patients, and accounts for 5% of medicine and geriatric admissions. 3, 4 The major causes of heart failure in developed countries are hypertension and ischaemic heart disease. 5 Patients with heart failure have a poor long-term survival and a high risk of hospitalization which is often recurring. Previous community studies report that 30 -40% of patients with chronic heart failure (CHF) die within 1 year from diagnosis and 60-70% within 5 years. 2 Hospitalization for worsening of heart failure is associated with a greatly increased risk of subsequent death. 6 The risk is highest early after discharge, but diminishes with time. Readmissions or hospitalizations with long duration increase the risk of death even further. 7 A similar pattern is observed for patients who have had a myocardial infarction (MI) complicated by heart failure, left ventricular systolic dysfunction or both. The hazard for death is highest in the first 30 days and remains elevated for 6 months after MI. In the longer-term mortality rates varying from 2.5 to 10% per year have been reported. 8 -10 In case of a post-MI re-hospitalization of any cause, the subsequent risk of death is increased even further, in particular, early after hospitalization and diminishing with time. 11 Patients with CHF deteriorate mainly because of worsening heart failure or sudden cardiac death. However, acute coronary syndromes (ACSs) also contribute to a poorer prognosis in CHF patients, though there has been little evidence to date regarding the relative impact of unstable angina (UA) and acute MI to deterioration of patients with CHF. The present analysis uses the large dataset from the CHARM programme to explore the impact of having an ACS event, i.e. hospitalization for acute MI or UA pectoris, on the subsequent risk of death among patients with CHF, with or without impaired left ventricular systolic function.
Methods
The Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) programme consisted of three independent but related studies in which 7599 patients with New York Heart Association (NYHA) Classes II -IV CHF, were randomly assigned to double blind treatment with candesartan, target dose 32 mg once daily, or matching placebo in addition to conventional heart failure treatment, between March 1999 and March 2001. 12 Patients were enrolled in either of the three component studies according to left ventricular ejection fraction (LVEF) and ACE inhibitor treatment at baseline. CHARM-added consisted of patients with LVEF 40% who were on treatment with an ACE inhibitor, CHARM-alternative of patients with LVEF 40% who were intolerant to ACE inhibitors and CHARM-preserved of patients with LVEF .40%. Major exclusion criteria were serum-creatinine 265 mmol/L (3 mg/dL), serum potassium 5.5 mmol/L (5.5 mEq/L), known bilateral renal artery stenosis, symptomatic hypotension, women of childbearing potential, critical aortic or mitral valve stenosis, stroke, MI or open heart surgery within the last 4 weeks. After the initial titration phase, patients were followed at scheduled visits every 4 months and the follow-up time ranged from a median of 41 months in CHARM-added and 37 months in CHARM-preserved to 34 months in CHARM-alternative. The programme was completed as planned with follow-up concluded in March 2003. The primary endpoint in the individual CHARM-studies was the composite of cardiovascular death or hospital admission for worsening heart failure analysed by time to first event, and the primary endpoint of the overall CHARM programme was all-cause mortality.
In the present analysis of the overall CHARM programme, we examined the impact of experiencing an ACS event, i.e. hospitalization for MI or UA pectoris, on the subsequent risk of death from any cause.
Hospitalization with an ACS was defined as either (i) an admission with MI or UA as the primary cause or (ii) one or other these events occurring during an admission for another cause. Investigator reported diagnoses were used and only the first hospitalization with an ACS after randomization was analysed. Patients with an adjudicated MI who died on the day of the event with no record of hospitalization, were also counted as an ACS hospitalization. MI was defined by the following: creatine kinase or creatine kinase MB concentrations more than twice the upper limit of normal or troponin I or T levels twice the upper limit of normal or three times the upper limit of normal within 24 h after an percutaneous coronary angioplasty, or five times the upper limit of normal within 24 h after coronary artery bypass surgery. In addition to the bio-markers above, diagnosis of an MI also required either electrocardiographic changes in two or more contiguous leads with new Q-waves, ischaemic ST-T changes or left bundle branch block, or typical clinical presentation of MI consisting of characteristic chest pain lasting for .20 min, pulmonary oedema or cardiogenic shock. The definition of UA was not specified in the study protocol and for this type of ACS we used the diagnosis reported by the investigator. The primary endpoint in this analysis was death from any cause.
Statistics
First hospitalizations for ACS were related to subsequent risk of mortality using time-updated Cox proportional hazards models adjusted for baseline predictors. 13 The time-updated variables for MI and UA hospitalizations were initiated on the MI date or hospital admission date respectively. Thus, both hospitalizations that led directly to death (i.e. patient never left the hospital) and those where the patient was eventually discharged from hospital were attributed to the subsequent mortality risk. Explicitly, the Cox models included a time-updated binary covariate for each specified time interval after the MI or UA event (0 -1, 2 -7, 8-30 days, 31 days-6 months, 6 -18 months, and 18þ months). If both MI and UA occurred in the same hospitalization, the event was counted as an MI. Only the first ACS hospitalization was considered for the initial analysis. Both crude death rates and covariate adjusted hazard ratios were reported, with adjustment for the strongest of those baseline predictors of all-cause mortality identified in previous analyses. 14 The baseline predictors included were age, ejection fraction, diabetes, body mass index, gender, NYHA class, smoking, cardiomegaly, prior CHF hospitalization, and randomized treatment allocation. We then explored the impact of all ACS hospitalizations and hospitalizations due to worsening heart failure on the subsequent risk of death. For these analyses, if MI, UA or worsening heart failure occurred in the same hospitalization, the hospitalization was attributed to the most severe of these events where MI and UA were considered the most and least severe, respectively. All significance levels were two-sided. Analyses were performed using the statistical software Stata 10.0 (StataCorp, College Station, TX, USA).
Results
Of the 7599 patients in the CHARM programme, 1174 (15.4%) experienced at least one ACS hospitalization during a mean 3.3 years follow-up. The rate of ACS hospitalization was found to be significantly lower in the second 6 months than in the first 6 months after randomization (rate ratio: 0.53, 95% CI 0.47, 0.60, P , 0.001). Beyond 6 months the event rate was linear. A first hospitalization for such an acute event was MI in 442 subjects and UA in 732. After these MI and UA events 219 (49.5%) and 167 (22.8%), respectively, subsequently died during follow-up. Of these deaths after MI and UA, 125 (57.1%) and 18 (10.8%), respectively, occurred during the hospitalization due to the event. Twenty-one percent of all deaths in the CHARM programme were preceded by an ACS event. Table 1 shows the associations of these first acute events to certain key baseline variables, previously identified to be strong predictors of mortality. 14 Overall, the acute coronary event rate was 5.9
events per 100 patient years. The event rate increased with increasing age, worse NYHA class and was higher for diabetics compared with non-diabetics, particularly insulin-treated. Event rates were also higher for patients with a prior heart failure hospitalization and for those with a prior MI. The event rate was similar for those with LVEF 40% as compared with .40%. As age increased, a greater proportion of the first acute coronary events were MIs. Similarly, the first event was more likely to be an MI for diabetics compared with non-diabetics and for males compared with females. The proportion of patients experiencing an MI, rather than UA, as their first event was greater for current smokers, patients with lower body mass index and patients with LVEF 40%.
Hospitalization for acute coronory syndrome: unadjusted mortality analysis Figure 1 shows the subsequent mortality risk over time following MI and UA events. The much higher immediate death rate within the first week after MI was clear. For both MI and UA, the death rate steadily declined over time. At all time intervals, the death rate after MI was substantially higher than the death rates after UA.
Even over 18 months after MI, the death rate was still double that of patients who had not experienced an ACS event. However, 18 months after UA, the mortality rate only slightly (non-significantly) exceeded that for event-free patients.
Hospitalization for acute coronory syndrome: adjusted mortality analysis
Since some baseline variables such as age affect both risk of acute coronary events and risk of death it was relevant to undertake analyses of mortality risk after acute coronary events which adjusted Figure 1 Mortality incidence following myocardial infarction and unstable angina events.
Impact of hospitalization for acute coronary events for baseline variables. Thus, Table 2 and Figure 2 show the results from Cox models with MI or UA events as time-updated covariates, and baseline factors as fixed covariates. These adjusted analyses show broadly similar patterns of increased risk to the unadjusted analyses in Figure 1 . Note the baseline variables all remain highly significant predictors of mortality. The slightly reduced mortality hazard on candesartan vs. placebo was similar to that previously published. 12 Hospitalization for heart failure or acute coronory syndrome
We also examined any hospitalizations for an ACS or worsening heart failure and how those, collectively, influenced the risk of death. The number of hospitalizations for MI, UA, and heart failure were 554, 999, and 3839 in 478, 654, and 1917 patients, respectively. Thus, hospitalizations for heart failure were much more common than for UA or MI. Of the 478 and 654 patients with at least one hospitalization for MI or UA, 157 (33%) and 203 (31%) also had at least one hospitalization for heart failure. Table 3 models how mortality risk was affected by each hospitalization for MI, UA, or worsening heart failure and also by baseline predictors. After an ACS event, we found that the most recent event predicted prognosis with no additional risk after repeated ACS events. However, after hospitalization for worsening heart failure, additional hospitalizations accumulated additional mortality risk. With a second or third re-hospitalization for worsening heart failure, risks were increased by 46 and 94%, respectively. The risk of death after hospitalization for heart failure was much higher during the first 30 days, which then declined but remained significantly higher compared with those patients not hospitalized. Table 3 also demonstrates that the subsequent mortality risk after hospitalization for MI was much higher than for admission for UA, and notably, also for worsening heart failure.
Discussion
The present analysis showed that hospitalization for an ACS event in patients with CHF resulted in a very high risk of subsequent death. This added risk was striking, even after adjustment for key baseline predictors of risk. The risk was highest in the early phase but declined with time. The early risk was most pronounced for patients who had an MI, with a 300-fold risk-increase during the first day, a 64-fold increase during the first week and a 16-fold increase during the first month. Even though risk declined with time, the patients who had an MI were still at twice the risk of death after 18 months. In comparison, for patients with UA, there was a 13-fold risk-increase during the first day, declining to the risk of the overall CHF population within 18 months.
The CHARM programme comprised a broad spectrum of patients with CHF, with or without left ventricular systolic dysfunction, with an average age of 66 years, two-thirds of whom were male and mainly with NYHA Classes II-III. 12 The most common causes of heart failure in developed countries are ischaemic heart disease and hypertension 5 which was also reflected in the CHARM programme where 52.6% of the patients had a previous MI, 23.8% had current angina pectoris and 55% had a history of hypertension. 12 Therefore, the CHARM population reflects a CHF population in developed countries and thus gives clinically valuable and relevant information for routine heart failure care. We have previously reported that patients in the CHARM programme, who were hospitalized for worsening of heart failure, had a substantially increased mortality risk. 7 Acute coronary events accounted for a minor part of all hospitalizations in the CHARM trials. 12 As the CHARM programme included a broad range of patients with CHF, we found that the risk of developing ACS events was similar for patients with LVEF 40 and .40%. We have previously reported that the risk of death declined with increasing LVEF until an ejection fraction of 45%. This trend was also observed for cardiovascular death and the components of cardiovascular death, with the exception of fatal stroke. 15 The EuroHeart Failure Survey II explored the characteristics of hospitalized acute heart failure patients. ACS was reported to be the precipitating factor in 23% of patients with acute decompensated CHF. 16 However, previous reports on the impact of acute coronary events on prognosis among patients with CHF are scarce. One possible reason is that non-fatal MI in CHF is not a common outcome. In CHARM, 6.3% of randomized patients had a subsequent fatal or non-fatal MI during follow-up which suggests that a very large study is needed to analyse the risk of this added complication. In CHARM, 1174 patients were hospitalized for a first ACS event with 386 subsequent deaths that allow a more robust analysis of this complication. The present findings are in agreement with the SOLVD trials in patients with CHF or left ventricular dysfunction 10 years prior to the CHARM programme. 17 In SOLVD, the 650 and 1094 patients who developed an MI and an episode of UA had a much higher early subsequent risk of death compared with patients who did not develop such events (1 year mortality 55.4 vs. 7.3% and 14.6 vs. 9.0%, respectively). Twenty-five percent of all deaths in the SOLVD trials were preceded by an MI and 21% of all deaths in the CHARM programme were preceded by hospitalization for an ACS event.
Heart failure complicating acute MI has also been reported to increase the risk. From the GRACE registry, it was concluded Impact of hospitalization for acute coronary events that patients with an acute MI, who presented with heart failure on admission, were at a three-to four-fold increased risk of death during the first 6 months as compared with MI patients without heart failure. The risk was even higher for patients who developed heart failure during hospitalization. 18 Thus, a similar pattern of increased early hazard after an ACS event with heart failure was seen in both the present study and in the GRACE registry; however, the mortality rate was much higher in the present study. The cumulative mortality after 18 months was 50% for MI patients and 20% patients with UA in our study as compared with 20% for MI patients complicated with heart failure in the GRACE registry.
Limitations
The first ACS event, either as the primary cause of hospitalization or as a major event during hospitalization as reported by the investigator, was considered as the index event in the present analysis. An adjudication committee adjudicated MIs leading to death or hospitalization. Thus, only a minority of all ACS events in the present analysis was adjudicated and hospitalizations for UA, in particular, were included as investigator reported.
The length of hospital stay may be of importance for prognosis but was not analysed.
Even though the CHARM population seems to reflect the overall heart failure population in developed countries, a selection bias cannot be ruled out, and the relevance to routine heart failure care may therefore be questioned.
Conclusion
Worsening of heart failure is the most common cause for hospitalization among patients with CHF and is associated with a subsequent increased risk of death. However, in those patients with CHF who are hospitalized for an MI or an episode of UA, the present study shows that the subsequent mortality is markedly increased, in particular, in the early phase and after an MI. Mortality risk declines for the most part within 6 months. The risk among these patients is much higher than reported from previous studies focused on MI. Thus, serious therapeutic re-assessment should be done early for patients with CHF who have an acute coronary event.
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